Muon Identifier Steel

Final Design Review

_v_

APHEBEEN -

June 17, 1994
Brookhaven National Laboratory

Presented by

Marcus Libkind
Lawrence Livermore National Laboratory



Contributors

Joel Bowers
Bob Holmes
Palmer House
Phil Keenan
Jim Thomas
Bob Yamamoto



The Big Question

How can anything so simple as
five steel plates
cause so many headaches?



Overview

Lawrence Livermore National Laboratory

* Installation location in main facility hall
* Design goals, assumptions and specifications
e Steel plates

» Space allocation for steel plates and detectors
* Rod supports

* Base plates and positioning blocks

* |[nstallation

* Estimated cost

e Qutstanding issues

Oakridge National Laboratory

e Status report on detectors
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Design Goals 1=

* Meet physics requirements
* Work within limited space
* Minimize cost

- Simplicity
- Minimum on-site fabrication
- Ease of installation

* Design, fabrication and installation prior to finalization of
detector design



Assumption 1=

Design based on Russian fabrication
* Machining is not a major expense

* More options with respect to tolerances and inspection
at no or minimal increase in cost



Design Specifications

* No written specifications

e Still changing as of June 9, 1994



Muon ID Steel (nominal specifications) (2

* Five rows of plates; each row consists of three panels
* Rows 1-2 are 100 mm thick; rows 3-5 are 200 mm thick
* Each row is nominally 43 feet wide x 35 feet high

* Each plate is nominally 14.3 feet wide x 35 feet high and
weighs 41 tons (100 mm) or 81 tons (200 mm)

» Center panel in each row has square beam tube hole
64.8x64.8 inches (1646x1646 mm)

* Gap between adjacent plates in same row is nominally 1
inch (not to exceed 3 inches)



* Adjacent plates in same row connected at top by welded
bar

» Spacer between adjacent plates in same row at bottom

 Steel composition not critical; Russians to provide
specification for least expensive steel

* Steel density variation & void size to be specified by
Russians & reviewed by ORNL



Special #2 Row L

* Center plate in row #2 is 200 mm narrower (100 mm
each side of beam tube opening) than all other center
plates

e Side plates are standard

e Net results

- Row #2 is 200 mm narrower overall
- Gaps between panels in row #2 are at transverse (x-
axis) absolute values less than row #1



Reduced Heights

Muon ID plates and detectors
extend under crane supports, therefore:

e Plate #5 is notched

e Detectors #5 and #6 must be shorter
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Safety Factors

Designed for 0.525 g

Fdr Rare Events

Minimum SF = 1.0 on Yield
or
Minimum SF = 1.25 on Ultimate



Connecting Bars at Top of Plates 1=

* Nominal dimensions 3x2x24 inches (rows 1-2) and
7x2x24 inches (rows 3-5)

e Fabricated on-site



Spacers at Bottom of Plates

* Helps distribute seismic loads between plates
* Height is 4 inches

e Fabricated on-site



Rod Supports 1=

* All muon ID plates held at top to wall using two rod
supports

e Two cases:

- Rows 1-4 share common rod supports; connected to
wall with adjustable plate assembly

- Row 5 connected to wall with separate rod supports

* Rod supports are 1.500-6 (rows 1-4) and 1.250-7 (row
5) alloy steel continuous threaded rods (minimum
tensile strength 125,000 psi)

* Sleeve placed over 1.500-6 rod section closest to wall
to prevent buckling



Muon ID Plate Notch
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The Hilti HVA Adhesive Anchor System

hY

'\

.3 Product Details

HEA adhesive capsuis

The HVA anchor system has two components, each 20id separately; the HEA capeule and HAS rod, or HEA capsute and HFA ingert.

min. depth of embedment mark— III
HAS anchor rod assembly with nut and washer

HEA inssrt

Advantages

Anchor fastening does not axert expansion preseury

High loading capaoity

Good performance under dynamic foad

Easy 1o upe, ssif-contained adhosive capsule

Fastoure time

Material

3y Sandara FAS od el s the requicements of ASTM A38

High strength or ‘Super HAS’ rod material mests the requirements of ASTM A103, Grade B7

Stalniess HAS rod material meets the requiroments of ASTM F503 (AISI 304)

HAS Standard Nut ~— ABTM A563, Grade A

HAS Super Nut — ASTM A563, Grade DH

HAS Stainiess Stoel Nut = ASTM F504

HAS Standard Washer —— ANS! 818.22.1 (1965) Type A Plein

HAS Super Washer — ASTM F436

HAS Staini¢ss Stes! Washor — ANS) B18.22.1 (1968) Type A Plain

All standard HAS and HAS Super Rods (except 7), HFA inserts, nuts and washers are plated to ASTM 8633 8C1.

7" hot dipped galvanized in accordanca with ASTM A183-78.

HEA Adhesiva — Vinylester Resin with a Dibenzoyl Peroxide Hardener

. e aL

ninn

Mechanical Properties HEA Cartridge Volumes
Anchor Yield uTs Size Volume (cu. in.)
(xsf) | (kS HEA %" 0.33
:‘3 fvw- 3 80 HEA 12" 0.57
o1 - ’ 21
HAS-Supeér ::: :':, ; 53
Sfuf11/e¥ 105 128 U
HRA 7/s" 2.92
HAS-S8 68 100-150 HEA 1" 8.78
Yes HEA 14" 15.26
HASB-68 45 86-140
s
HPFA 63 78
Y &z
HFA 58 V4
B¢ & s

41




Hiltd HVA Adhesive Anchor System contnued

Specification Table
HAS Anchor Rod
Anchor size
Dotalis \ HAS %h” [ HAS 17 | HAS %e” | HAS %e* |HAS Th” [ HAS 17 [HAG 1%
B0 bhidiameter(inches) W | %o | 'he | b 1 h | 1%
Hag modpholemtodrert Law | an | 5 e | o6 | M 0
" mm sl w2 o] o | o
Ly anchor length (nches) Sh | 8k | ™h | %% W0 12 1
Tonsile Siress Arve (in%) 0078 | 0442 | 0226 | 033 | 0462 | 0.608 | 0089
! HASSS. | 18 ) 7% | 10 | 175 | 25 | 400
max. tghtening Lo
eRES) |picaey| 10 | % | 0 | 180 | 2 30 | 880
Cribtatze YEC+ | TBO+ | TEC+ | TEFY | TEFY [ TEFY | TE-FY
152012} 1e-12 | 11012} 713 | 1-18 1917 | 1%h-2
o mm s | 6w | T | Bk | B | we |
Aachel b
Details! HAA %" PR " HAASR" HA %"
80 it lameter (inches} % e 1 1%
™) win, depth of embdment
Y. mmm-sl S N § e
Ussable Thesat Laagik (inches) 1% 1% e e
M= max tigheningtorquo (R, bs) 0 % ) 160
TeC+ TEC+ TeFY TEFY
Det iaize 12 Hhe 2 13 Yiei1
BNT  min, base matedal
ot (ebet) ) % ™ (1Y

NOTE; 1. This information doas not pertain to special order HFA anchors.,

Anchor Spacing and Edge Distance Guidelines (HAS Rod and HFA Insert)

Anchor size

Details HA%” | VA %" | INA %" | HVAWL" | HVA %" | VA 1% [HIR 19"
spacing )

AS, oiraln M 4% ] 6% 6% 8% 12
working load {inches) .
Minimum aliowsbla spacing

ASmin  botween anchors 1% e M WV 3 % ]
figfar to note 1
Edge distanos requirad

&, 10 obtaln maximum 5% 6% 7h 10 10 12% 18
wivking load (inches)

aliowable

By oo distance (inches) 1% 2% 2% W 8% 4% 8

Rafartonotes 2 and 3

NOTES: 1. When using ASyn, teducs the working iosd by 904¢.

2. When using EDpmin and the load (s a shear load

, reduce the working load by 5066,

8, When using EDpin and the losd is a tahele load. reduce the working load by 4096,

The MVA Anchor Spacings and Edge Distances for the embedment depths listed above were calculated using the foliowing

information:
Anchor Spacting Edge Distance Edge Distance
Tonslon And Sheer Shear Load Only Tonsion Load Onty
AScy ASmin fas EDgr EDpmin fED EDgr EDmin fED
HVA 1.0 Q.5 , 0.7 1,68 0.58 0.5 1.3€ 0.5E 0.6

< 1. Use finear interpolation between critical and minimum. A8 or ED to determine load faotor.

§ ey -~

Hini Product Technicel Guide, 8/93
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Hilti HVA Adhesive Anchor System continues

HVA Allowable Bond Strength and Steel Strength for HAS Rods*
) .

Anchor REA Tensilo Sond $tes) Girength (ibs)
Dia- |Embed. Adhesive 2000 pal | %000 pel | 4000 psi | 6000 psi HAG S8
meter | Depth Capsulo(s) Conc. | Oune, | Cone. ) HAS g, WAS Super (30485)
(n) | (n) Required Thencile | ‘Ghear | Tonelle | 48hear | 1TeriaNe | ‘Ghaer
3% | 1-%hxaw 2010 | 2210 | 2420 | 2830
™ B | 2-%bx3%k 5010 | a0 | as%0 | 4250 | 1860 | 1070 | 3250 | 1900 | 2800 | 1850
7 |2-%xak 4010 | 445 | 4840 | 5665
a0 | 1- x4 2600 | 2090 | 3030 | 9990
w | o |1-tbx4vs1-%x3% | 4000 | 4400 | 4000 | 5980 | 2640 | 2000 | se20 | 9270 | 4780 } 3600
B | 2. thx 4l 8330 | 590 | 660 | 7970
5 |1-%x6 4120 | 4590 | 8070 | 6020
% 70 | 1-5hx58 1. x4n 6160 | ese0 | 7600 | 030 | 4520 | 000 | 9420 | ses2 | 75%0 | 5080
10 |2-84x5 8240 | 9190 | 10140 | 12040
% | 1-8%x 6% 8750 | 6510 | 7260 | 6770
% | 10 |1-%x6%ai-vexd 2630 | o760 | 10890 | 13160 { 6sa0 | 4so0 | 1sego | 7mso | o«e0 | 7270
18% | 2-%x65 11550 | 13020 | 14620 | 17530
e | 1-7hx 0% €770 | 7860 | 6640 | 10320
% | 10 ]2.-Yx6% 10100 | 11400 | 12620 | 18400 | 9240 | 6850 | 49280 | 10760 o o
13% |2-7X6% 13540 | 15820 | 17000 | 20850
o | 1-1x8% 9640 | 10960 | 12280 | 14980
1| 129 (2+Thx6%e 14460 | 10480 | 18430 | 22390 | 12120 | 730 | 28250 | 13760 o ®
16tk | 2+1x8Y 59280 | 21980 | 24870 | 20860
12 [1-1%xi2 20510 | 20220 | 25840 | 31970
i | 16 |1-1vexi2a1-1x8% | 24935 | 27538 | 90140 | 36340 ) 18980 | 13070 | 40875 | 21530 ® @
18 1eiVex1252-1x8Y 29360 31680 34340 39310

1. Allowabie tenaite load for anchor rode is based upon

e,

gth)

3. Th-11 HAS S8 only avaiiable through spacial order, na test data avallable,
4, Valuss obtginied from test daia at min, embedment,

allowable strees = .83 Fu (ultimate onslie
acting upoh the lenalle strese area of the rode. Refsrence AISC Stes! Manuai Saction 18
2. Uee lower value of slther bond or stesl strength for wnsile load.

HVA Ultimate Bond Strength and Steel Strength for HAS Rods’
FEA Tontio Bond Sirength (1o6) Bteal Strength fibs))
. NAS 8%
AE’*:E““: Capsulels) e Yied “::‘:'m m“:e-:"w Vied m Ehoat
(in,) n(?n") Hﬂnﬂ) 2000 pel {3000 pel | 4600 psl | 8000 pol Strength | Strength |Strength |$trength |Strangth |Strengih |Strength | Swrength
Sk | 1-Mx3% 7520 | 8900 | 9070 | 10620
% | o |2-%x3k 1950 | 12450 | 19610 | 1300 ] 2810 | 4880 | 4os | wmieo | emso| 720 | oo | 7800 | es0
7 |2-%x3n 15050 | 16800 | 16140 | 21240
M | 1-exdth 9090 1 11230 | 12470 | 148%0
w % 1T Goniuent thxdis | 14900 | 16800 | 19700 | 2240 | 5110 | 9620 | 7860 | 14910 ) 97780 | 12280 | 9230 | 14200 | 13480
Bl |2-hxd 19980 | 22480 | 24930 | 29600
5 |1.wx6 15430 | 17220 | 19010 | 22570
w | Tk T 9x5a i xdl | 23160 | 75640 | 20610 | 33900 | 6140 ( 13880 | 11240 | 23730 | 26260 | 21120 | 14600 | 22600 | %50
10 |2-8%x5 30090 | OMo0 | 38010 | 45140
B | 1-dax6u 21500 | 24400 | 2723 | @aasT0
v 5 1T Rixcwd i ardi | 3237 | 6600 | 40840 | 49310 | 12020 | 20040 | 18010 | 38070 | 41760 | 28700 | 16030 | 26300 | 27260
18% | 2-Mxé%h 43180 | 48310 | 54450 | 85740
o | 1-Thx6%W 25500 | 28720 | 82080 | 86710
% |0 |2-%xoth 5000 | $3090 | 48000 | 69070 | 16630 | 2rrzo | 20805 ) 4%6t0 | sTIRO [ ankto | @ | @ | @
15t |2 %eX6% 50780 | 57440 | 64100 | 77420
o |1-1x6W 30160 | 41110 | 48070 | 65960
1 [1o% [2-Texe% 5025 | 61670 | o100 | @3o70 | 21020 | aeoe0 | 2se18 | 680 | 7670 50 | @ | @ | @
tove | 2-1xB% 72310 | 88230, 82140 | 111970
12 | 1-1hxi2 76010 | 97080 | 97200 | 117820
w T35 T iven12ht- 1xo | 93605 | 103068 | 119025 | 132526 | 34080 | 55140 | 46000 | 101748 | 121105 | 0n0 | & | @ | ©
18 1-1a%1242-1x8% $90100 | 119430 | 126780 | 147420

1. Stee| strength basad on tansile siress area of standard UNG thread.
2. Usalower vatue of sither bond or steet strength

3, Te~1Ya HAS S8 only available thr

4. Values obtained from tegt data at

{or tensiie load.

h special Order, no test data avaliabls.

n. smbodment,

. -

mmm e a =y
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Thickness Tolerances Per ASTM (mm)

Nominal edge thickness 100 200
Plate edge tolerance +4/-0  +6/-0

Plate center tolerance  +7/-0 +11/-0



Offset Between Adjacent Panels 1=

Two adjacent panels in a row can be offset (exhibit a
step) equal to the allotted tolerance



Displacement Mag

Deformed Original Model

Max +1

0000E+00

.2000E+01

Scale 4
Mode 1,

+1.9212E+00

ds_cv_modall - modall

*model®




Displacement Mag

Deformed Original Model

Max +1.0000E+00

s

. Ww zzzzzzzzz

7 S S
i

TR,

\\ i
ji
i

.2000E+01

Scale 4
Mode 2,

+6.6659E+00

modall - modall

~ ds_cv

"mode2*




Displacement Mag

Deformed Original Model

Max +1.0000E+00

Scale 4
Mode 3,

/

2000E+01

o
(=

+
[$3]
™
s
(o)
<))
~
+

modall - modall

- ds_cv

*mode3*




Displacement Mag

Deformed Original Model

.0000E+00

Max +1

.2000E+01

Scale 4
Mode 1,

+3.8342E+00

- modal?2

-~ ds_cv_modal2

*model*




Displacement Mag

Deformed Original Model

Max +1.0000E+00

Scale 4.2000E+01
Mode 2, +1.2826E+01

al2 - modal2

~ ds_cv_mod

*mode2*

A,




Displacement Mag

Deformed Original Model

Max +1.0000E+00

Scale 4
Mode 3,

2000E+01

+1.5869E+01

odal2 - modal2

- ds_cv_m

"mode3*




edge

Frequency

mid_pt

Load: gravity_z

£-~T

is]

loT DO

1E-13

12

Frequency

*mid_pt_z* - ds_cv_randoml_z - randoml_z




mid_pt_edge
Frequency
Load: gravity_z

gl ue-38

oQ ool

1E-7 -

1E-8 -+

1E-9 -

1E-10

1E-11

1E-12

1E-13

1E-14

e
{7

Frequency

*mid_pt_z* - ds_cv_random2_z - random2_z

20

25



Displacement Y

Max +1.2728E-05

Min -3.6071E+00
Deformed Original Model
Max +3.6075E+00

Scale 1.1643E+01

Load: gravity

*disp_y*

- ds_cent_static5 - statich

-4.008E-01

g

-8.016E-01

~-1.202E+00

-1.603E+00

-2.004E+00

-2.405E+00

-2.806E+00

-3.206E+00




Displacement Y

Max +0.0000E+00

Min -8.9790E-01
Deformed Original Model
Max +8.9825E-01

Scale 4.6757E+01

Load: gravity

*disp_y*

- ds_cent_static6é - staticé

-9.977E-02

-1.995E-01

-2.993E-01

-3.991E-01

-4 .988E-01

-5.986E-01

-6.984E-01

-7.981E-01




Stress Von Mises (Maximum)
Max +2.2693E+04

Min +2.2064E+01

Deformed Original Model
Max +3.6075E+00

Scale 1.1643E+01

Load: gravity

*stress_vm*

- ds_cent_static5 - statics

+2.017E+04

+1.765E+04

+1.514E+04

+1.262E+04

+1.010E+04

+7.579E+03

+5.060E+03

+2.541E+03




Stress Von Mises {(Maximum)
Max +1.1167E+04

Min +6.0738E+00

Deformed Original Model
Max +8.9825E-01

Scale 4.67S7E+01

Load: gravity

*stress_vm*

-~ ds_cent_staticé - staticé

+9.927E+03

+8.687E+03

+7.446E+03

+6.206E+03

+4 .966E+03

+3.726E+03

+2.486E+03

+1.246E+03




Displacement 2

Max +0.0000E+00

Min -2.5879E-01
Deformed Original Model
Max +2.5916E-01

Scale 1.6206E+02

Load: gravity

*disp_z*

- ds_bowed_staticl - staticl

-2.875E-02

-5.751E-02

-8.626E-02

-1.150E-01

-1.438E-01

-1.725E-01

~-2.013E-01

-2.300E-01




Displacement 2

Max +0.0000E+00

Min -6.2500E-02
Deformed Original Model
Max +6.2637E-02

Scale 6.7053E+02

Load: gravity

-6.944E-03

-1.389E-02

-2.083E-02

-2.778E-02

-3.472E-02

-4.167E-02

-4.861E-02

-5.556E-02

*disp_z* - ds_bowed_static2 - static2




Muon ID Steel Location Scenarios

* One based on
Tom Wright's detector design
* Another based on

June 9, 1994 communication with Ken Read



Scenario Summary =

* Either scenario can be accommodated in the space
available

* The difference between the two scenarios, from a
design/fabrication standpoint, is only one of location of
the muon ID steel, not its design

* The risk level is different for the two scenarios

* The muon ID steel fabrication can proceed without a
decision on the detector final locations



Tom Wright's Detector Design =

Per drawing SKXDE-1293-01 the combined thickness of
all the detectors is 879.8 mm, which includes

* 15 mm between detector planes

* 10 mm between detectors and adjacent steel for
sliding clearance
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Tom Wright's Detector Design

ltem Thickness Starting Ending Starting Ending
z-position z-position Z-position z-position
from wall from wall
(mm) (mm) (mm) (mm) (mm)
Muon magnet backplate 6600.0 2699.0
Muon magnet donut 200.0 6600.0 6800.0 2699.0 2499.0
MM tolerance zone 70.0 6800.0 6870.0 2499.0 2429.0

Plate #1 tolerance zone 90.0 7127.8 7217.8 2171.2 2081.2
Plate #1 100.0 7217.8 7317.8 2081.2 1981.2
Plate #1 tolerance zone 90.0 7317.8 7407.8 1981.2 1891.2
Installation tol

Plate #2 tolerance zone 90.0 7566.2 7656.2 1732.8 642.8
Plate #2 100.0 7656.2 7756.2 1642.8 1542.8
Plate #2 tolerance zone 90.0 7756.2 7846.2 1542.8 1452.8
Installation tolerance 10.0 7846.2 7856.2 1452.8 1442.8

Plate #3 tolerance zone 50.0 7974.6 8024.6 1324.4 1274.4
Plate #3 200.0 8024.6 8224.6 1274.4 1074.4
Plate #3 tolerance zone 50.0 8224.6 8274.6 1074.4. 1024.4
Installation tolerance - 10.0 8274.6 8284.6 1024.41 1014.4




Tom Wright's Detector Design (continued)

Plate #4 tolerance zone 50.0 8403.0 8453.0 896.0 846.0
Plate #4 200.0 8453.0 8653.0 846.0 646.0
Plate #4 tolerance zone 50.0 8653.0 8703.0 646.0 596.0
Installation tolerance 10.0 8703.0 8713.0 596.0 586.0

Wall tolerance zone

39.2

9259.8

9299.0

Plate #5 tolerance zone 50.0 8831.4 8881.4 467.6 417.6
Plate #5 200.0 8881.4 9081.4 417.6 217.6
Plate #5 tolerance zone 50.0 9081.4 9131.4 217.6 167.6
Installation tolerance 9131.4 9141.4 167.6 157.6

39.2

0.0




Tolerances for Tom Wright's Desigh (mm)

Plate nominal thickness 100 200

Available tolerance
(inc. thickness tolerance) 180

Russian estimate in vertical position 80

Contingency 100



New, Equal Cross-Section, Detector Design

* Detector cross section same at all locations
* Detector planes are 72 mm thick

* Space between planes is 10 mm

* Space between steel and detectors is 10 mm

* Total for six detectors is 1044 mm (increase of 164.2
mm above Tom Wright's design)



Equal Cross Section Detector Design

ltem Thickness Starting Ending Starting Ending
z-position Z-position z-position z-position
from wall from wall
(mm) (mm) (mm) (mm) (mm)
Muon magnet backplate 6600.0 2699.0
Muon magnet donut 200.0 6600.0 6800.0 2699.0 2499.0
MM tolerance zone 6800.0 6870.0 2429.0

Plate #1 tolerance zone 67.5 7044.0 7111.5 2255.0 2187.5
Plate #1 100.0 7111.5 7211.5 2187.5 2087.5
Plate #1 tolerance zone 67.5 7211.5 7279.0 2087.5 2020.0
| -

Plate #2 tolerance zone 67.5 7463.0 7530.5 1836.0 1768.5
Plate #2 100.0 7530.5 7630.5 - 1768.5 1668.5
Plate #2 tolerance zone 67.5 7630.5 7698.0 1668.5 1601.0
Installation tolerance 10.0 7698.0 7708.0 1601.0 1591.0

Plate #3 tolerance zone 35.5 7882.0 7917.5 1417.0 1381.5
Plate #3 200.0 7917.5 8117.5 1381.5 1181.5
Plate #3 tolerance zone 35.5 8117.5 8153.0 1181.5 1146.0
Installation tolerance 10.0 8153.0 8163.0 1146.0 1136.0




Equal Cross Section Detector Design (continued)

926.5

Plate #4 tolerance zone 35.5 8337.0 8372.5 962.0

Plate #4 200.0 8372.5 8572.5 926.5 726.5
Plate #4 tolerance zone 35.5 8572.5 8608.0 726.5 691.0
Installation tolerance 10.0 8608.0 8618.0 691.0 681.0

Plate #5 tolerance zone 35.5 8792.0 . 471.5
Plate #5 200.0 8827.5 9027.5 271.5
Plate #5 tolerance zone 35.5 9027.5 9063.0 271.5 236.0

Installation tolerance




Tolerance Analysis for Equal X-Section Design (mm) 1=

If only a tolerance per ASTM standards (measured on
horizontal surface) is guaranteed by steel mill:

Nominal thickness 100 200
* Flatness tolerance inc. thickness per ASTM 30 40
* Additional flatness tolerance due to sag |

when measured on horizontal surface 92 23
* Additional flatness tolerance due to
increased bow when installed vertically 7 2
Total tolerance required 129 65
Tolerance available 135 71
Russian estimate in vertical position 80 50

Contingency 55 21



How Much Risk Is Acceptable? =

BNL must detemine how much risk is acceptable
from cost and schedule considerations



Inspection of Muon ID Panels

* Success requires accurate inspection in Russia of
flatness in vertical position

* Two possible inspection techniques

- Theodolite with infrared distance measurement
capability

- Modified laser level (rotating prism and laser)

* Time required may be as much as one month
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Base Plates LL!

* Base plate divided into 3 sub-plates
e Each ID plate rests on only one base plate

* 80 mm thick; bottom of bases plates nominally at floor
level

* 1-3 inches of concrete removed for grout

* Each plate supported on 10 jacking screws prior to
grout injection

* Eight holddown studs per base plate
* Two grout injection holes per base plate

* Adjacent base plates connected by steel bars
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Positioning and Spacer Blocks

* Used during installation for locating muon ID plates
* Upon completion they form earthquake restraint

* All positioning blocks are 2 inches thick (high)

* Positioning blocks on periphery are welded in place

* Positioning blocks between plates are tack welded in

place and set screw through ID panels used to set
spacing
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Installation Scenario
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Install base plates

Install Hilti studs in wall for rod supports

Install detector rail hardware on wall

Install (weld) first row of stops (nearest wall)

Tilt up center plate for row 5 and position

Install rod supports (requires weld for mounting lug)
Repeat steps 5-6 for side plates

Install detector rail hardware to completed row

Install spacers at bottom between adjacent plates (requires fabrication
and small weld)

. Install spacer block for locating next row (requires small weld)
. Repeat steps 5-10 for rows 4, 3 and 2

. Repeat steps 5-9 for row 1

. Install (weld) last row of stops (nearest muon magnet)

. Install (weld ) side stops for each row

. Install (weld) top connector bars

. Install (weld) base plate connector bars nearest muon magnet



Russian Fabrication Order

Includes:

* Steel panels (15 total)

e Muon ID base plates

* Rod support brackets

e Muon magnet base plates
Does not include:

e Spacer blocks and stops

» Connector bars for panels and base plates
e Support rods



Cost E

e Estimate of alternative to Russian fabrication is
approximately $656,000 plus $201,000 for shipping to
POE and import duty

* Instructed Russians that their price can not exceed
$328,000 plus shipping to POE and import duty

¢ VVladimir has asked whether it can be increased above
$328,000



Outstanding Issues

e Wall flatness
e Vacuum pump removal past DX magnet
e Design of bars connecting adjacent base plates

» Assembly/installation drawing



